Background and purpose: Some agricultural practices are considered to be useful tools in biodiversity conservation. Therefore, carabid beetles were collected on post-agricultural fallow land in Western Poland in order to study the impact of mowing treatment.
sures influence the structure of grassland vegetation, which is a product of the interplay between successional processes and management. The structure of grassland vegetation, however, is crucial for maintaining arthropod diversity (13).
Among arthropods, carabid beetles have an important position in agricultural systems, such as biological control agents on agricultural pests (15) or seed predators of weeds (16, 17) . Carabids react to management practices in grassland habitats (18) and have a potential for indicating environmental variation (19). An approach often used is to study changes in ecological traits of the carabid assemblages, e.g. the reproduction period or habitat preferences (19). The mean individual biomass of Carabidae (MIB) has been proposed as an indicator of the stage of succession of a habitat (20, 21) . This method assumes an ongoing process of succession with which the MIB of carabids increases. MIB was established in order to assesss forest ecosystems in Poland (20) . However, this method has also been used in the context of assessing recovery processes in Mediterranean ecosystems or studying forest patch isolation (22, 23) . In addition, MIB has been shown to react sensitively to management strategies on post-agricultural areas (24).
In order to improve our knowledge about the impact of mowing measures on carabid beetles we initiated the presented study in a research area of post-agricultural land in Western Poland. The impact of mowing measures on carabid beetles in this area has been studied before on different study plots (e.g. 24, 25) . However, the presented paper is the first study using a "before-after-control-impact" (BACI) design (26), applying mowing to the treatment sites in the second year of the study. By comparing carabid data on treatment sites and control sites we wanted to test the following hypotheses: 1) Species react to the mowing measures, expressed as significant differences in catch numbers on the treatment sites, but not on the control sites, between the first and the second year of study.
2) Numbers of individuals of species characterised by specific ecological traits will change significantly on the treatment sites, but not on the control sites.
3) MIB as an indicator of the stage of succession decreases significantly on the treatment sites, but not on the control sites, from the first to the second year of study.
4) Carabid assemblages of mown sites differ from assemblages of unmown sites.
MAteRIAL And MetHods

Study sites and field methods
For our study, we selected the research area "Krzywda," an area of more than 170 ha including agricultural fields, abandoned farmland, wet habitats and forest sites (27). The study was carried out in 2013 -2014 on post-agricultural fallow land abandoned from crop production for 21 years in 2013 (27). It followed a "before-after-controlimpact" (BACI) design with three treatment sites and three control sites. Thus, six study sites (B1 -B6) of 50 m x 50 m were established, three of which (B1, B4, B5) were mown with biomass removal on July 5th, 2014, while the remaining three (B2, B3, B6) were left untreated (Fig. 1 ).
Carabids were collected using pitfall traps from midMay to mid-September. Traps were glass jars topped with a funnel (upper diameter of about 10 cm) set flush with the soil surface. A roof was suspended a few cm above the funnel and 50 ml ethylene glycol was used as a killing agent and preservative. The traps were checked every 2-3 weeks for proper functioning. If necessary, ethylene glycol was refilled. Three traps (distance 3 m) were installed in the center of each study site. The results of the three traps were pooled to one sample for each study site.
All collected specimens were determined to the species level. Nomenclature follows Freude et al. (28) .
statistical methods
For each species, the total number of individuals per study site was calculated.
The recorded species were classified with respect to their habitat preferences (species characteristic for open habitats, eurytopic species, species characteristic for forests) and breeding type (spring breeders, autumn breeders) based on the literature (28, 29, 30, 31, 32, 33, 34) . For each of these ecological traits, the total number of collected individuals per study site was calculated.
For each study site, we also computed MIB values as an indicator of succession. MIB is calculated by summing up the biomass of all carabids in a sample and subsequently dividing it by the number of specimens caught. Biomass values for the species recorded are those cited by Szyszko (20) or obtained using the term by Szyszko (35) which describes the relationship between the body length of a single carabid individual (x) and its biomass (y):
For further statistical analysis, we selected species, which were collected with at least 150 individuals, and looked at the ecological traits (species characteristic for open habitats, eurytopic species, species characteristic for forests, spring breeders, autumn breeders) and MIB values calculated for the study sites. Differences in the numbers of individuals of the selected species, numbers of individuals per ecological trait, and MIB values between 2013 and 2014 on the treatment sites and the control sites respectively were tested using the Mann-Whitney U test (36).
We carried out Non-metric Multidimensional Scaling (NMDS) using PAST v. 2.17c (37) in order to analyse differences between the carabid assemblages. Abundance data of the collected species per study site were log(1+x) transformed and the Bray-Curtis index was used as the distance between assemblages. Among the six most dominant species only Pterostichus niger and Harpalus rubripes reacted to mowing the treatment sites with significant changes in catch numbers. Both species showed significant lower numbers in 2014 as compared to 2013. For none of the studied species a significant difference in catch numbers were observed on the control plots between 2013 and 2014 (Tab. 2). Noteworthy, with the exception of Amara aenea for all species the same tendency was observed on treatment and control sites; i.e. if the mean number increased on treatment sites from 2013 to 2014 then it also increased on the control sites and vice versa. None of the studied ecological traits (species characteristic for open habitats, eurytopic species, species characteristic for forests, spring breeders, autumn breeders) displayed a significant difference between the years of study on the control sites, but on the treatment sites the number of individuals of forest species was significantly lower in 2014 (Tab. 2). MIB values did not decrease significantly as a result of mowing. However, with a decrease in MIB observed on both the treatment and the control sites, this decrease was more pronounced on the treatment sites (Tab. 2). Fig. 2) did not reveal a clear separation of the samples collected on mown study sites (B1, B4, B5 in 2014) from the samples collected on unmown study sites. The stress for the first two ordination axes was low (0.1548). Even if some species did show significant changes in catch numbers (hyp. 1), generally only weak effects of the mowing measures were detected. While numbers of individuals of forest species significantly decreased on the treatment sites (hyp. 2) MIB did not decrease significantly after mowing (hyp. 3). Accordingly, when using NMDS, the samples from mown study sites were not explicitely separated from the samples of unmown sites (hyp. 4).
NMDS (
The weak effects of the mowing measures may be explained by the assumption that mowing only once at the beginning of July was not sufficient to significantly overcome environmental characteristics of the study sites. Pterostichus niger is known to be active in autumn (e.g. 30, 33) and Harpalus rubripes is mentioned to breed both in spring and autumn (33). Larsson (29) describes it as "autumn species (possibly unstable)." This may indicate that species breeding later in the year were particularly affected by the mowing measures. However, the results of analysing the ecological traits indicate that forest species reacted most sensitively (significant difference with respect to forest species on the treatment sites, Tab. 2).
Since the basic trends between the years were the same for almost all dominant species on the treatment and control sites, differences in environmental conditions between the study years might have had an influence on the formation of carabid assemblages, too. This may to some degree disguise the effects caused by mowing. According to den Boer (e.g. 38, 39), such stochastic processes will necessarily lead to density fluctuations of individual species on fixed sampling plots. As a conclusion, long-term sampling under varying conditions is recommended to precisely identify the indicator potential of individual species (19).
Intensification of mowing measures (e.g. mowing twice a year) may lead to more pronounced differences. Kitahara et al. (40) , studying grasslands being mown once up to 3 -4 times, observed a highly significant decrease in butterfly species numbers with increasing disturbance intensity. However, the highest carabid diversity was observed for medium management intensity in grasslands managed with different intensities (41) . Accordingly, Mazalová et al. (42) reported the highest species richness of butterflies and beetles, at a larger time scale, in grasslands mown once a year, especially when applying a combined regime of mowing and grazing. According to Morris (13), Coleoptera in general are more robust to cutting measures than other arthropods (i.e. Auchenorrhyncha).
The results of this study are assumed to be useful when planning mowing measures in order to conserve biological diversity. Please note that the effect of cutting treatment may vary and therefore the timing and frequency of this management method should be varied (13). Mowing should also be put into context with other agricultural practices which might influence species assemblages, e.g. soil tillage (9, 43). Our results underline the importance of long-term studies in order to fully understand the reaction of individual species to management measures and to define their potential as ecological indicators.
